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Method and apparatus for measuring Raman gain, method and 
apparatus for controlling Raman gain, and Raman amplifier 

5 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a division of co-pending Application 
No. 10/107,392, filed on March 28 , 2002, the entire contents of 
which are hereby incorporated by reference. 

10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and apparatus 
for measuring a Raman gain, a method and apparatus for controlling 

15 a Raman gain and a Raman amplifier, which are used in optical 
communications and the like. Particularly, the present 

invention relates to a method for measuring a Raman gain, which 
is capable of measuring a Raman gain at one end, of an optical 
fiber transmission line, and an apparatus thereof, to a method 

2 0 and apparatus for control 1 ing a Raman gain and to a Raman ampl i f ier . 

2. Description of Related Art 

Along with exploitation of wavelength bands utilizing 
low-loss optical fibers and low-loss wavelength bands and with 
development of amplification technologies, prolongation of 
25 optical fiber transmissions has been advancing these days. To 
perform more efficient transmissions at lower costs, it is 
expected, in the future, to realize non-relay transmissions with 
low losses. For the non-relay transmission, conceived is 
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application of an optical fiber amplifier, for example, an 
erbium-doped fiber optical amplifier (EDFA) , which takes an 
optical fiber transmission line itself as an amplifying medium, 
or application of a broadband optical amplification technology. 
5 In a communication system using such an optical fiber 

transmission line, progress has been made in development which 
aims at commercialization of a distributed Raman amplification 
(DRA) technology. 

Raman amplification is a phenomenon in which signal light 
10 is amplified, the Raman amplification being operated in the 
following manner. 

Specifically, when signal light and excitation light having a 
frequency higher than that of the signal light by about 13 THz 
are simultaneously inputted to an optical fiber made of silica 

15 glass, an energy of the excitation light is partially transferred 
to the signal light due to a stimulated Raman scattering phenomenon 
generated in the silica glass, whereby the signal light is 
amplified. A gain obtained by the Raman amplification is 
hereinafter referred to as a Raman gain. Actually, the Raman 

20 gain has wavelength dependency (Raman gain profile) , as shown 
in Fig. 1, which has its peak at a wavelength having a frequency 
lower than that of the excitation light by 13 THz. 

In addition, the distributed Raman amplification (DRA) is 
a form of obtaining a Raman amplification effect by taking an 

25 optical fiber transmission line itself as an amplifying medium. 
The DRA is realized by inputting excitation light to the optical 
fiber transmission line . In an optical fiber transmission system 
applied with the DRA, a transmi ttable distance can be extended 
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because a propagation loss of the transmission line is compensated 
with the Raman amplification. 

In an optical transmission system corresponding to the 
foregoing long-distance transmission, it is necessary tomaintain 
5 a power of signal light which incurs a certain loss via the optical 
fiber transmission line at a desired level at a receiving side. 
Conventionally, an input level of the transmitted signal light 
has been measured at the receiving side, thereby adjusting a signal 
light power at a transmitting side or an amplification factor 

10 in a relay transmission line. 

Description will be made hereinafter for a measuring method 
in a conventional optical transmission system. Here, for 
adjustment of the input level of the foregoing signal light, a 
gain efficiency of an optical fiber is particularly used. The 

15 gain efficiency is a parameter for each fiber, indicating how 
much gain can be obtained at a measuring point of the receiving 
side with respect to a power 1W of a transmitting light source. 
In other words, when excitation light of 1W is inputted to an 
amplifying medium, a Raman gain (dB) received by signal light 

20 propagating through the amplifying medium is called a Raman gain 
efficiency (dB/W) . The Raman gain efficiency is different in 
each individual fiber . The reason for the difference in the Raman 
gain efficiency is that the Raman gain efficiency is- influenced 
by such factors as a mode field diameter, an additive amount of 

25 Ge0 2 , and absorption of water (OH) , and that the above factors 
are different, respectively, for a type of the fiber, a 
manufacturer, time of manufacture and a lot. Furthermore, the 
Raman gain efficiency also fluctuates depending on a state at 
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the scene, such as loss characteristics in a relay station. Thus , 
to control the amplification gain particularly in the distributed 
Raman amplification in the optical fiber transmission systemusing 
installed optical fiber transmission lines, it is necessary to 
5 measure the Raman gain efficiency. 

In an attempt to measure the Raman gain efficiency, it was 
conventionally necessary to conduct an operation therefor by 
disposing measuring instruments, light sources and operators at 
both ends of the transmission line. In other words, it was 

10 necessary to operate a test light source disposed at one end of 
an installed fiber and a photodetector disposed at the other end 
thereof in conjunction with each other. In addition, because 
a manual operation was conducted by a maintenance worker going 
into the relay station to perform measurement, a procedure was 

15 required, that is, adjustment of a measurement timing, personnel 
deployment to the relay station, relocation of measuring 
instruments were required. As described above, because of 
difficulties in workability, there was a demand for means of 
measuring the gain efficiency only by an operation at one end 

20 of the transmission line. 

Moreover, when, with respect to excitation wavelengths of 
plural types , Raman gain efficiencies of desired wavelengths are 
required to be obtained, respectively, different test lights 
having wavelengths of the same number as that of the types of 

25 the excitation wavelengths were necessary, thereby causing 
problems concerning costs, versatility and the like. 

SUMMARY OF THE INVENTION 
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An object of the present invention is to enable measurement 
of a Raman gain only by an operation therefor at one end of a 
transmission line . 

A method of measuring a Raman gain of the present invention 
5 is one for measuring a Raman amplification gain of an optical 
fiber transmission line, which includes the following two steps: 
a measurement step of measuring a propagation loss of the optical 
fiber transmission line in cases of presence and non-presence 
of excitation light to the optical fiber transmission line by 

10 means of optical time domain ref lectometry (OTDR) ; and a 
calculation step of calculating the Raman gain of the optical 
fiber transmission line based on a ratio of the propagation loss 
in the above two cases. 

Amethodof controll ing a Raman gain of the present invention 

15 is one for controlling a Raman amplification gain of an optical 
fiber transmission line, which includes the following two steps: 
a measurement step of measuring the Raman gain of the optical 
fiber transmission line ; and a control step of generating a control 
signal for reducing an error signal which is a result obtained 

20 by comparing the Raman gain with a control target , the measurement 
step including a procedure of the foregoing method of measuring 
a Raman gain. 

A Raman gain measuring apparatus of the present invention 
is one for measuring a Raman gain of an optical fiber transmission 
25 line, in which provided are: a loss measuring unit for measuring 
loss distribution of an object of measurement by means of OTDR 
based on reflected light with respect to outputted test light; 
and an optical coupler in which the test light is supplied to 
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a first input terminal thereof and one of output terminals thereof 
is connected to the optical fiber transmission line. 

A Raman gain control 1 ing apparatus of the present invention 
is one for control 1 ing a Raman gain of an optical fiber transmission 
5 line, in which provided are: the foregoing Raman gain measuring 
apparatus; and a control circuit for generating a control signal 
for reducing an error signal obtained by comparing the Raman gain 
obtained in the Raman gain measuring apparatus with a reference 
value . 

10 A Raman amplifier of the present invention is one for 

subjecting an optical fiber transmission line to Raman 
amplification, which is provided with the foregoing Raman gain 
controlling apparatus and an excitation light source for changing 
an excitation light power based on a control signal. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will become more apparent from the 
following detailed description when taken in conjunction with 
the accompanying drawings wherein: 

Fig. 1 is a graph showing a Raman gain profile; 

Fig . 2 is a constitutional view showing a conventional 
apparatus for measuring a Raman gain; 

Fig. 3 is a constitutional view showing an apparatus 
for measuring a Raman gain and a Raman gain efficiency of the 
present invention; 

Figs. 4(a) and 4(b) are views explaining 
characteristics of transmission line ends in OTDR graphs, where 
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Fig. 4(a) indicates the case where B end is subjected to 
ref lectionless termination and Fig . 4(b) indicates the case where 
reflection is generated at B end; 

Fig. 5 is a graph showing a result (OTDR graph) 
obtained in a first embodiment of the present invention; 

Fig. 6 is a graph showing an excitation light 
wavelength, test light wavelength and wavelength disposition in 
a gain profile of the first embodiment of the present invention; 

Fig. 7 is a graph showing a result (OTDR graph) 
obtained in a second embodiment of the present invention; 

Fig. 8 is a graph showing an excitation light 
wavelength, test light wavelength and wavelength disposition in 
a gain profile of a third embodiment of the present invention; 

Fig. 9 is a graph showing an excitation light 
wavelength, test light wavelength and wavelength disposition in 
a gain profile of a fourth embodiment of the present invention; 

Fig. 10 is a graph showing an excitation light 
wavelength, test light wavelength and wavelength disposition of 
a gain profile of a fifth embodiment of the present invention; 

Fig. 11 is a graph showing transition of a test light 
power in a transmission line, indicating an operation of the 
present invention; and 

Fig. 12 is a graph showing transition of a return 
light power in the transmission line, indicating the operation 
of the present invention. 



5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First, before describing a method and apparatus for 
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measuring a Raman gain, a method and apparatus for controlling 
a Raman gain and a Raman amplifier of the present invention, a 
conventional constitution thereof will be described to facilitate 
understanding of the present invention. 
5 Measurement of a Raman gain efficiency of distributed Raman 

amplification has been conventionally conducted with a 
constitution as shown in Fig. 2. In the constitution of Fig. 
2 , provided are a test light source 120 at one end of a transmission 
line and a wavelength division multiplex (WDM) coupler 114 at 

10 the other end thereof, for multiplexing/demultiplexing 
excitation light and test light. An excitation light source 140 
is connected to an excitation light wavelength band port of the 
WDM coupler 114, and a photodetector 130 for measuring a test 
light power is connected to a test light wavelength band port 

15 thereof. For the photodetector 130, for example, an optical 
spectrum analyzer, an optical power meter and the like are used. 
By inputting the test light to the transmission line, a test light 
power (called PI) detected by the photodetector in a state of 
stopping an output of the excitation light source is measured. 

20 Next, a test light power (called P2 ) detected by the photodetector 
in a state of releasing the output of the excitation light source 
is measured. A ratio of P2 and PI gives a Raman gain with respect 
to the test light. A ratio of the Raman gain and the excitation 
light output power is a Raman gain efficiency. 

25 When using the conventional constitution, for example, it 

is necessary to operate a test light source 120 disposed at one 
end of an installed fiber with a relay interval stretching over 
80 km and a photodetector 130 disposed at the other end thereof 
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in conjunction with each other. In addition, because a manual 
operation was conducted by a maintenance worker going into a relay- 
station toperf ormmeasurement , adjustment of ameasurement timing, 
personnel deployment to the relay station, relocation of measuring 
5 instruments were required. Moreover, there was a problem that 
an operational mode for each communication common carrier sets 
a limitation to measurable positions, making flexible setting 
of a measurement interval impossible. 

In the foregoing conventional constitution, when obtaining 

10 Raman gain efficiencies in respective desired wavelengths with 
respect to plural types of excitation wavelengths , the same number 
of test lights having different wavelengths as that of the types 
of the excitation wavelengths were required. Thus, rising of 
costs and lowering of versatility were inevitable. 

15 Next, description will be made for embodiments of the 

present invention by using the drawings. 

[First Embodiment] 

Fig. 3 is a constitutional view showing a constitution of 

20 a first embodiment of the present invention . In the constitution 
of Fig. 3, a WDM coupler 114 for multiplexing/demultiplexing an 
excitation light wavelength and a test light wavelength is 
connected to one end of a transmission line . An excitation light 
source 140 is provided in an excitation light wavelength port 

25 of the WDM coupler 114; and a wavelength filter 116, an optical 
attenuator 115 and an OTDR device 110 are serially connected in 
this order to a test light wavelength port thereof. In Fig. 3, 
a Raman gain is measured by use of the wavelength filter 116, 



10 



the optical attenuator 115 , the OTDR device 110 and the WDM coupler 
114 . 

In the embodiment, measurement of a Raman gain efficiency 
is conducted by use of the optical time-domain ref lectometry 
5 (OTDR) device 110. 

OTDR is a technique for measuring distributed losses in 
an optical fiber transmission line by making pulsed light incident 
from one endof the optical fiber transmission line andby measuring 
return light attributable to back scattering caused in the optical 
10 fiber transmission line in a t ime-sharedmanner . Because apulsed 
light power to be detected reciprocates between an incident end 
and a reflection point, a half of an attenuation amount of the 
reciprocat ive amount to an attenuation amount of a one-way trip 
therebetween . 

15 Fig. 11 shows a state where pulsed light inputted from A 

end of an optical fiber transmission line 112 reaches short of 
the vicinity of B end while attenuating. Fig. 12 shows a state 
where return light generated in short of the vicinity of B end 
reaches A end while attenuating. A reduction amount of losses, 

20 obtained by inputting excitation light, is considered to be a 
Raman gain. As shown in Fig. 11 and Fig. 12, this Raman gain 
(refer to Fig. 11) is the sum of a Raman gain (refer to Fig. 12) 
received by the test light while propagating in the same direction 
as the excitation light until reaching short of the vicinity of 

25 B end, and a Raman gain received by the return light while 
propagating in the reverse direction to the excitation light until 
reaching A end . A propagation loss (dB) detected from the return 
1 ight generated in short of the vicinity of B end of the transmission 
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line is set as LI, OTDR measurement is conducted therefor in a 
state of outputting the excitation light, and a propagation loss 
(dB) detected from the return light generated in short of the 
vicinity of B end of the transmission line is set as L2 . Because 
5 the magnitude of the Raman gain is not dependent on propagation 
directions of the test light (return light) and the excitation 
light, a half of a value obtained by subtracting LI from L2 is 
the Raman value obtained by the test light in the transmission 
line. By dividing the Raman gain by an excitation light output 

10 power, a Raman gain efficiency (dB/W) in an OTDR pulsed light 
wavelength can be calculated. 

As factors for generation of the return light, there are 
Fresnel reflection caused at a connection point or end point of 
a fiber and Rayleigh scattering continuously caused in an optical 

15 fiber. As shown in Fig. 3, hereinafter, one end of the 
transmission line, connected to the OTDR device, is set as A end, 
and the other end thereof is set as B end. Graphs of Figs. 4 
(a) and 4 (b) respectively show return light powers measured by 
OTDR. The horizontal axis in each of the graphs represents a 

20 distance between A end and a point where the return light is 
generated. Hereinafter, such a graph will be called an OTDR graph . 
In Figs. 4 (a) and 4 (b) , return light is not generated in the 
transmission line excluding B end, except for return light caused 
by Rayleigh scattering. Fig. 4 (a) shows the case where B end 

25 is subjected to reflect ionless termination by use of an isolator 
and the like. In the graph, the return light power generated by 
Rayleigh scattering comes to zero concurrently with the end 
of the fiber. Fig. 4 (b) shows the case of occurrence of Fresnel 
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reflection due to discontinuity of the fiber at B end or the like . 
A large reflection is generated at the end of the fiber, and the 
return light caused by Rayleigh scattering comes to zero 
thereafter. When the transmission line is measured by OTDR, the 
5 OTDR graph shows characteristics as shown in Fig. 4 (a) or Fig. 
4 (b) at B end. Accordingly, such characteristics enable 
determination of the distance between A end and B end as well 
as measurement of a loss received by the pulsed light propagated 
short of the vicinity of B end from A end. 

10 In the embodiment, a spectral width of OTDR pulsed light 

to be test light is particularly set to 1 nm. By setting a passband 
of an optical filter for taking out a test light wavelength to 
1 nm, an amplified spontaneous emission (ASE) amplified by Raman 
amplification is removed, preventing saturation of a 

15 photodetector of the OTDR device attributable to the ASE. 
Moreover, an attenuation amount of the optical attenuator is 
adjusted, so that the photodetector of the OTDR device is not 
saturated and the return light generated in short of the vicinity 
of B end can be measured with good sensitivity. 

20 Next , description will be made for a measurement procedure . 

First, the OTDR measurement is conducted in a state of stopping 
the excitation light output , thereby obtaining a propagation loss 
(dB) (called LI) detected from the return light generated in short 
of the vicinity of B end of the transmission line. Then, the 

25 .OTDR measurement is conducted in a state of outputting the 
excitation light, thereby obtaining a propagation loss (dB) 
(called L2) detected from the return light generated in short 
of the vicinity of B end of the transmission line. A Raman gain 
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is obtained by subtracting LI from L2 , and by dividing this Raman 
gain by the excitation light power, a Raman gain efficiency is 
obtained . 

However, the significant attenuation of the excitation 
5 light power at B end leads to generation of no Raman gain. In 
other words , the OTDRgraphs in the state of stopping the excitation 
light output and in the state of outputting the excitation light 
are required to be parallel to each other. By obtaining a 
propagation loss concerning B end which satisfies the above 

10 condition, a Raman gain generated in the entire transmission line 
is obtained. Furthermore, by dividing the Raman gain by the 
excitation light power, a Raman gain efficiency in the entire 
transmission line is obtained. 

When the OTDR graphs in the state of stopping the excitation 

15 light output and in the state of outputting the excitation light 
are not parallel to each other at B end, the excitation light 
power may be reduced until the graphs become parallel to each 
other. The followings are used in the embodiment: a single mode 
fiber (SMF) of 80 km as the transmission 1 ine fiber / the excitation 

20 light having a wavelength of 1463.83 nm; the test light having 
a wavelength of 1562.2 nm, which is lower in frequency by 13 THz 
than the excitation light; the excitation light output power set 
at 166 mW. As a result, as shown in an OTDR graph of Fig. 5, 
LI is equal to 17 dB and L2 is equal to 12 dB, thus obtaining 

25 a Raman gain of 5.0 dB (L2 - LI) . This Raman gain is divided 
by the excitation light power, thus obtaining a Raman gain 
efficiency of 30.1 dB/W . A graph of Fig . 6 shows a relation among 
the excitation light wavelength, the test light wavelength and 
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a Raman gain profile in the embodiment. In the graph of Fig. 
6 , with respect to the excitation light , the test light wavelength 
is located at the peak of the Raman gain profile. 

Although the spectral width of the test light is set to 
5 1 nm in the embodiment, application of any other spectral widths 
is also effective . However, if the spectral width is too narrow, 
OTDR measurement becomes unstable. Thus, a condition is set for 
the spectral width that the spectral width should be wide to the 
extent as not to make OTDR measurement unstable and should be 

10 sufficiently narrow with respect to cycles of variations in the 
Raman gain profile. 

For the test light source of the embodiment, as long as 
the foregoing condition for the spectral width can be realized, 
a distributed feedback (DFB) laser and a wavelength variable laser 

15 are applicable. Moreover, for the passband of the wavelength 
filter 116 , different passbands other than lnmare also applicable, 
as long as the ASE can be sufficiently removed without cutting 
off the spectrum of the test light. 

Other than the above, for the type of the wavelength filter 

20 116, filters of the following types are applicable in the 
embodiment: a Di-electric type, a Grating type, a Fabry-Perot 
type, a Mach-Zehnder interferometer type and the like. 

Furthermore, for the optical attenuator 115, the 
Mach-Zehnder interferometer type , the Di -electric type , a LN type 

25 and a LBO type are also applicable. 

[0034] For the excitation light source, a Fabry-Perot laser 

with a wavelength narrowed by fiber grating, a wavelength variable 
laser capable of outputting a sufficient power are applicable. 
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[Second Embodiment] 

Next, description will be made for a second embodiment of 
the present invention. In the foregoing first embodiment, the 
5 Raman gain efficiency is obtained by use of the propagation loss 
detected from the return light generated in short of the vicinity 
of B end of the transmission line. However, there is a case, 
as shown in Fig. 7, where B end cannot be detected due to noise 
in a transmission line having a large loss in a test light wavelength 

10 In such a case, a gain efficiency can be obtained based on return 
light generated at a point (B' point of Fig. 7) which is not buried 
in the noise . However, a significant attenuation of an excitation 
light power at B' point leads to generation of no Raman gain. 
In other words, OTDR graphs in a state of stopping an excitation 

15 light output and in a state of outputting the excitation light 
are required to be parallel to each other. When the OTDR graphs 
in the state of stopping the excitation light output and in the 
state of outputting the excitation light are not parallel to each 
other at B' point, the excitation light power may be reduced until 

20 the graphs become parallel to each other. 

Fig. 7 shows an OTDR graph in the case of measuring a SMF 
in which a propagation loss of a test light wavelength from A 
end to B end is 4 0 dB, by use of an OTDR device capable of measuring 
return light up to the one generated at a point where a propagation 

25 loss is 30 dB . In the embodiment, similarly to the first 
embodiment, excitation light having a wavelength of 1463.83 nm 
and test light having a wavelength of 1562.2 nm, which is lower 
in frequency by 13 THz than the excitation light, are used. An 
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excitation light output power is set at 166 mW . When a propagation 
loss up to B' point in the state of stopping the excitation light 
is set as L'l and a propagation loss up to B' point in the state 
of outputting the excitation light is set as L'2, as shown in 
5 Fig. 7, L'l is equal to 30 dB and L'2 is equal to 25.2 dB . 
Accordingly, a Raman gain of 4 . 8 dB is obtained. This Raman gain 
is divided by the excitation light power, thus obtaining a Raman 
gain efficiency of 28.9 dB/W. 

10 [Third Embodiment] 

Description will be made for a third embodiment of the 
present invention. The first embodiment showed the Raman gain 
efficiency in the case where the test light is lower in frequency 
than the excitation light by 13 THz . However, not being limited 

15 to the above, a Raman gain efficiency can be measured regarding 
other wavelength intervals . For example, in the same SMF as that 
of the first embodiment, when a test light wavelength of 1550.0 
nm and an excitation light wavelength of 1463.8 nm are used and 
an excitation light output power is set to 166 mW, a Raman gain 

20 of 4 . 6 dB and a Raman gain efficiency of 27.7 dB/W are obtained. 
Fig. 8 shows a relation among the excitation light wavelength, 
the test light wavelength and a Raman gain profile in the 
embodiment . 

2 5 [Fourth Embodiment] 

Next, description will be made hereinbelow for a fourth 
embodiment of the present invention. In the embodiment, Raman 
gain efficiencies are measured with respect to plural types of 
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excitation light wavelengths by use of a single-wavelength test 
1 ight . For example, in the same SMF as that of the first embodiment , 
when a test light wavelength of 1550 . 0 nm and an excitation light 
wavelength of 1463 .8 nm are used and an excitation light output 
5 power is set to 166 mW, a Raman gain of 4 . 6 dB and a Raman gain 
efficiency of 27.7 dB/W are obtained. Similarly, when a test 
light wavelength of 1550 . 0 nm and an excitation light wavelength 
of 1450.4 nm are used and an excitation light output power is 
set to 166 mW, a Raman gain of 5.1 dB and a Raman gain efficiency 

10 of 30.7 dB/W are obtained. As a matter of course, depending on 
selection of the test light wavelength, it is also possible to 
measure Raman gain efficiencies with respect to three or more 
excitation light wavelengths by use of a single test light 
wavelength. Fig. 9 shows relations among the excitation light 

15 wavelengths, the test light wavelength and Raman gain profiles 
in the embodiment . 

[Fifth Embodiment] 

Description will be made hereinbelow for a fifth embodiment 

20 of the present invention. As shown in Fig. 10, when a Raman gain 
profile has been obtained with respect to a certain excitation 
light wavelength, based on a Raman gain efficiency with respect 
to test light, a Raman gain efficiency of test light having a 
different wavelength can be calculated. Fig. 10 shows a Raman 

25 gain profile with respect to an excitation light wavelength of 
1463.8 nm in a SMF. Although the absolute value of the Raman 
gain profile is varied based on an excitation light output power, 
shapes of the profile are inherent in fiber types. In the Raman 



18 



gain profile of Fig. 10, a Raman gain of 2.5 dB is obtained when 
the test light wavelength is 1550 nm, and a Raman gain of 2 . 0 
dB is obtained when the test light wavelength is 1540 nm. It 
is determined, from the shape of this Raman gain profile, that 
5 a Raman gain efficiency of the test light wavelength of 1540 nm 
is one obtained by multiplying a Raman gain efficiency of the 
test light wavelength of 1550 nm by 0.8 (2 -s- 2.5) . Therefore, 
when the excitation light wavelength is set to 1463.8 nm in the 
same SMF as the first embodiment, it is apparent from the result 
10 of the third embodiment that the Raman gain efficiency in the 
case of the test light wavelength of 1550 nm is 27.7 dB/W. The 
Raman gain efficiency in the case of the test light wavelength 
of 1540 nm can be calculated as 22.2 (7.7x0.8) dB/W. 

15 [Sixth Embodiment] 

Description will be made here inbe low for a sixth embodiment 
of the present invention . By use of a single test light wavelength, 
a Raman gain efficiency at a wavelength lower in frequency than 
respective wavelengths of a plurality of excitation lights by 

20 13 THz, that is, at a peak wavelength of a Raman gain profile 
can be obtained. Hereinafter, the peak wavelength of the Raman 
gain profile will be called a Raman gain peak wavelength. 
According to the technique of the fourth embodiment, Raman gain 
efficiencies with respect to the plurality of excitation light 

25 wavelengths by use of the single test light wavelength are measured . 
Based on the measurement result, a Raman gain efficiency at the 
Raman gain peak wavelength of each excitation light wavelength 
is calculated according to the technique of the fifth embodiment . 
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As a matter of course, the Raman gain efficiency obtained by the 
technique of the embodiment is not limited to the one obtained 
at the Raman gain peak wavelength of each excitation light 
wavelength. According to the technique of the embodiment, it 
5 is possible to obtain a Raman gain efficiency at an arbitrary 
wavelength within the Raman gain prof ile which has been previously 
obtained . 

For the optical fiber of the transmission line used in the 
foregoing embodiments, a non zero dispersion fiber (DSF) , a 1.55 

10 um-dispersion shifted fiber (DSF) and the like are applicable 
besides the SMF . 

By use of the Raman gain and Raman gain efficiency obtained 
by the method of measuring a Raman gain according to each of the 
foregoing embodiments, a constitution for stabilizing values of 

15 the Raman gain and the Raman gain efficiency is shown in Fig. 
3. In other words , in the const i tut ion of Fig . 3, an output signal 
of the OTDR 110 is supplied to a control circuit 200, and the 
value of the inputted Raman gain or the inputted Raman gain 
efficiency is compared with a reference value in the control 

20 circuit 200. The obtained comparison result is set as an error 
signal, and a control signal such as to reduce the error signal 
is generated and outputted. The control signal is supplied to 
the excitation light source 140, and an optical power according 
to the control signal is outputted from the excitation light source 

25 140. With the above-described constitution, the Raman gain is 
stabilized at a predetermined value. 

According to the method and apparatus for measuring a Raman 
gain, the method and apparatus for controlling a Raman gain and 
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the Raman amplifier of the present invention, the following 
effects can be obtained. Specifically, it is made possible to 
measure a Raman gain efficiency only by an operation at one end 
of a transmission line. As a result, even in the case where a 
concurrent operation at both ends of the transmission line is 
hard to be conducted because relay stations at both ends of the 
transmission line are apart from each other by several 10 km, 
the Raman gain efficiency in the transmission line can be obtained. 

While this invention has been described in connection with 
certain preferred embodiments, it is to be understood that the 
subject matter encompassed by way of this invention is not to 
be limited to those specific embodiments. On the contrary, it 
is intended for the subject matter of the invention to include 
all alternative, modification and equivalents as can be included 
within the spirit and scope of the following claims. 



